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Bonding, densi ty ,  and th i ckness  of  coa t ings  have a v i t a l  e f f e c t  
on t h e i r  p e r f o r m a n c e  i n  many a p p l i c a t i o n s .  P i o n e e r i n g  
d e v e l o p m e n t  work by t h e  a u t h o r  on t h e r m a l  wave n o n d e s t r u c t i v e  
e v a l u a t i o n  ( N D E )  methods d u r i n g  t h e  p a s t  25 y e a r s  has r e s u l t e d  i n  
an a r r a y  o f  u s e f u l  t e c h n i q u e s  f o r  p e r f o r m i n g  bond ing ,  d e n s i t y ,  
and t h i c k n e s s  measurements i n  a p r a c t i c a l  shop environment. The 
most u s e f u l  t h e r m a l  wave methods f o r  t h i s  p u r p o s e  a r e  based  on 
thermal wave s u r f a c e  impedance measurement o r  scanning. A p u l s e  
o f  h e a t  f rom e i t h e r  a t h e r m a l  t r a n s d u c e r  o r  a h o t  g a s  p u l s e  i s  
p r o j e c t e d  o n t o  t h e  s u r f a c e ,  and t h e  r e s u l t i n g  t e m p e r a t u r e  
r e s p o n s e  i s  a n a l y z e d  t o  u n f o l d  t h e  bond ing ,  d e n s i t y ,  and 
t h i c k n e s s  o f  t h e  c o a t i n g .  An advanced  e m i s s i v i t y  i n d e p e n d e n t  
i n f r a r e d  method h a s  been a p p l i e d  t o  d e t e c t  t h e  t e m p e r a t u r e  
r e s p o n s e .  T h e s e  m s t h o d s  h a v e  r e c e n t l y  b e e n  c o m p l e t e l y  
computerized and can autornatical  l y  p rovide  information on coa t ing  
q u a l i t y  i n  n e a r  r e a l - t i m e  u s i n g  t h e  proper  equipment. Complex 
s h a p e s  s u c h  a s  t u r b i n e  b l a d e s  can  be scanned .  M i c r o s c o p i c  
i n h o m o g e n e i t i e s  such  a s  m i c r o s t r u c t u r a l  d i f f e r e n c e s  and s m a l l ,  
n o r m a l ,  i s o l a t e d  v o i d s  do n o t  c a u s e  p r o b l e m s  b u t  a r e  seen a s  
s l  i g h t  d i f f e r e n c e s  i n  t h e  bulk thermal p rope r t i e s .  Tes t  o b j e c t s  
with rough s u r f a c e s  can be e f f e c t i v e l y  n o n d e s t r u c t i v e l y  e v a l u a t e d  
using proper  thermal su r face  impedance methods. No c o n t a c t  w i t h  
t h e  t e s t  o b j e c t  i s  r ? q u i r e d ,  and  no c o u p l a n t s  o r  o t h e r  
contaminants  a r e  used. lhermal wave NDE m i g h t  be c a l  l e d  a "Wave 
o f  t h e  F u t u r e " ,  a s  w e l l  a s  a "Wave a t  t h e  P a s t " .  Recen t  work 
done on t h e r m a l  wave N D E  b y  i n d e p e n d e n t  g r o u p s  i n  t h e  U.S., a s  
w e l l  a s  a b r o a d ,  h a s  conf i rmed  t h e  p o t e n t i a l  o f  some o f  t h e s e  
methods  f o r  p r a c t i c a l  c o a t i n g  N D E  a p p l i c a t i o n s .  Some o f  t h e  
b a s i c  p r i n c i p l e s  i n v o l v e d ,  a s  w e l l  a s  m e t a l l o g r a p h i c  r e s u l t s  
i l  l u s t r a t i n g  t h e  a b i l  i t y  of t h e  thermal wave s u r f a c e  impedance 
method t o  d e t e c t  n a t u r a l  nonbonds under  a t w o - l a y e r  t h e r m a l l y  
sprayed coa t ing ,  w i l l  be presented i n  t h i s  paper. 
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Figure 1 4 .  
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Figure 16 .  
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